The present study examined methods of control-and experimental-subject Appropriate and rational subject selection is the cornerstone of social science research. Without adequate subject-selection procedures, the internal or external validity of any study may be compromised. Even a gross overview of the neuropsychological literature reveals considerable variability in subject inclusion and exclusion criteria across studies, resulting in samples that vary considerably in terms of important variables such as age, education, gender, and chronicity. Frequently, it appears that subjects are selected more on the basis of convenience or availability rather than according to any scientific rationale. Furthermore, the issue of subject selection does not appear to have been previously subjected to empirical investigation.
Appropriate and rational subject selection is the cornerstone of social science research. Without adequate subject-selection procedures, the internal or external validity of any study may be compromised. Even a gross overview of the neuropsychological literature reveals considerable variability in subject inclusion and exclusion criteria across studies, resulting in samples that vary considerably in terms of important variables such as age, education, gender, and chronicity. Frequently, it appears that subjects are selected more on the basis of convenience or availability rather than according to any scientific rationale. Furthermore, the issue of subject selection does not appear to have been previously subjected to empirical investigation. This is not to say that there is necessarily anything inappropriate about, or wrong with, any particular study. Rather, the question is whether or not variability in subjectselection procedures can confound the results of neuropsychological studies and thereby frustrate replication and the ability to arrive at laws and theory regarding brain-behavior relationships.
There is considerable variability in the literature with respect to the manner in which subjects are selected. For instance, some authors (e.g., fail to specify the methods by which subjects were selected for either the experimental or control group. Other authors (e.g., Brandt & Benedict, 1993; Levin, Berger, Didona, & Duncan, 1992; Marsh, Knight, & Godfrey, 1990; Reeder & Logue, 1994; Youngjohn, Beck, Jogerst, & Caine, 1992) select control subjects who are either volunteers or relatives of the experimental group. Yet other authors (e.g., Marsh & Knight, 1991) present data from relatively small undefined subject groups, occasionally without the benefit of adequate controls.
Some studies employ subjects with a history of brain damage or self-reported brain damage (e.g., Bornstein et al., 1993) . Other studies employ subjects who are diagnosed with a disorder such as HIV, but who are asymptomatic at the time of the study (e.g., Chelune, Naugle, Luders, Sedlak, & Awad, 1993; vanGorp et al., 1993) . The inclusion criteria for control subjects is often poorly defined or unspecified (e.g., Braun & Daigneault, 1991; Marsh & Knight, 1991; Stuss, Pogue, Buckle, & Bondar, 1994; Wirsen & Ingvar, 1991) .
In fairness, it should be noted that some investigators are quite rigorous in their subject-selection procedures, using only cases of verified and documented lesions. Some investigators employ neurodiagnostic tests to determine group membership (e.g., Chelune et al., 1993; Jones, Duncan, Mirsky, Post, & Theodore, 1994) . Additionally, some researchers employ neuropsychological tests, collateral sources, and extensive review of medical records in an effort to control within-group variance.
Given that considerable variability exists in the methods used to select research subjects and the fact that little empirical light has been shed on these methods, the present study attempts to empirically and quantitatively evaluate the effects of varied subjectselection procedures on the results of neuropsychological research. What follows is, first, a meta-analytic review of the current literature and, second, a prospective study of the same phenomenon.
META-ANALYSIS

Method
Articles were selected from the Archives of Clinical Neuropsychology and Neuropsychology from 1990 through 1994. These journals were chosen because of their professional and scientific reputation within the neuropsychological community. Selection of articles for inclusion in the present study was based upon the following methodological criteria: (a) studies must attempt to differentiate brain-injured from control samples using neuropsychological tests, (b) articles must have employed any neuropsychological instrument reviewed in Lezak (1995) , and (c) the research must have included some statistic from which an effect size could be calculated. Fifty-three of 371 studies met these inclusion criteria.
Of the 53 studies reviewed, 13 were from the Archives of Clinical Neuropsychology and the remainder were from Neuropsychology. Of those 53 articles, 31 concentrated on a specific disease process (e.g., HIV, Alzheimer's, Parkinson's, epilepsy, multiple sclerosis, lead toxicity, mild head injury), whereas 6 listed cognitive impairment as the focus of the study. Twenty-seven studies employed a full neuropsychological test battery, seven focused on verbal skills, five examined visuospatial abilities, five investigated memory functions, and five examined general performance. The remaining four studies focused on the Wechsler Adult Intelligence Scale-Revised (WAIS-R). Once the articles were selected, the standardized effect size ( g ) for each study was computed using DSTAT 1.1 (Johnson, 1989) .
The research focused on two questions: (a) Does the method of selecting experimental subjects have any impact on the results of that experiment? and (b) Does the method of selecting control subjects have any impact upon the experiment? For the purposes of this study, experimental subjects were defined as those with some form of central neuropathology, and controls were defined as those without central neuropathology. The qualities for assigning subjects to experimental groups were: (a) neuropsychological testing, (b) self-report, (c) physician diagnosis or medical records review, (d) neurodiagnostic testing, (e) neurodiagnostic tests and one other listed quality, and (f) no criteria provided. These qualities were rank ordered from lowest to highest in terms of presumed diagnostic reliability (Table 1) .
The qualities of control subjects were: (a) a negative self-report for neuropathology, (b) relatives of experimental group members, (c) a negative neuropsychological examination, (d) physician report or medical records review, (e) medical record review and at least one other listed quality, and (f) no criteria provided. In addition, another characteristic of control subjects was chosen for investigation, that is, the type of control subject. Qualities for control-subject type included: (a) presumed normals, defined as those with a negative history of neuropathology; (b) pseudoneurologics, defined as those with neurologic complaints and for whom neurodiagnostic evaluation yielded negative results; (c) psychiatric patients without neuropathology; (d) medical patients whose disorders were nonneurologic in nature; (e) patients with a combination of the first four qualities; and (f) asymptomatic neurological patients.
Prior to the meta-analysis, the experimental groups and control groups were examined for equivalence in terms of age and education. In total, the 53 studies reviewed contained 2,930 experimental and 3,181 control subjects; 2,219 female and 3,316 male subjects (data concerning the gender of 576 subjects was missing). Data concerning subject ethnicity was largely absent. In assessing equivalence of age and education, the sample means were selected as the dependent variable and entered into one-way (age or education by quality) analyses of variance (ANOVAs). For experimental subjects' age, the ANOVA was significant ( MSE ϭ 665.20, df ϭ 4/46, F ϭ 2.54, p ϭ .041). However, the "no criteria" quality category contained only one study, and in this study, visual inspection revealed the mean age to be grossly different from all other experimental group categories. The no criteria category was dropped from the analysis, and the subsequent ANOVA was still significant ( MSE ϭ 676.52, df ϭ 4/46, F ϭ 2.58, p ϭ .049). The Levene statistic was significant (3.35, df ϭ 4/46, p ϭ .017), indicating violation of the assumption of homoscedasticity. Thus, Dunnett T3 post hoc tests were performed. These tests revealed significant differences in mean age between the experimental-group quality categories "medical records" and "self-report." No other significant differences in mean age were obtained (Tables 2 and 3 ). The ANOVA for experimental-group quality category "mean subject education" was not significant, either with or without the no criteria category ( MSE ϭ 1.55, df ϭ 5/41, F ϭ .62, p ϭ .682; or MSE ϭ 1.93, df ϭ 4/41, F ϭ .78, p ϭ .545, respectively). The ANOVAs of control-subject quality categories were not significant for either age ( MSE ϭ 165.11, df ϭ 5/44, F ϭ .50, p ϭ .773) or education ( MSE ϭ 3.02, df ϭ 5/41, F ϭ 1.03, p ϭ .415). The same nonsignificant results were obtained for control-group type regarding age ( MSE ϭ 210.60, df ϭ 5/44, F ϭ .65, p ϭ .663) and education ( MSE ϭ 1.48, df ϭ 5/41, F ϭ .47, p ϭ .795). However, it should be noted that three control-group type quality categories contained only one study each.
Having established group equivalence, the meta-analysis proceeded in two phases. The first phase examined the within-group variance for each of the three qualities. The second phase examined between-group differences in standardized effect size for each of the three qualities.
Results
Experimental group. For the experimental group quality, the Q B statistic was 199.15 ( df ϭ 5, p Ͻ .001), indicating a significant difference in effect size across the groups (Table 4 ). All quality groups were significant ( p Ͻ .001), with the exception of the "no criteria presented" group. Consequently, a contrast of weighted means of effect sizes was conducted and reported as a chi-square matrix (Table 5 ). This contrast revealed significant differences in experimental group effect sizes. Control group. For the control group quality, the Q B statistic was 330.84 (df ϭ 5, p Ͻ .001; Table 6 ). All quality groups were significant (p Ͻ .001). A contrast of weighted means of effect sizes revealed significant differences for control group effect sizes (Table 7) .
Control group type. For the control group type quality, the Q B statistic was 263.38 (df ϭ 5, p Ͻ .001; Table 8 ). All quality groups were significant (p Ͻ .001). A contrast of weighted means of effect sizes revealed significant differences for control group type effect sizes (Table 9) .
Discussion
Significant between-group differences were obtained for each of the three independent qualities identified, indicating that the method by which experimental and control groups are selected can significantly impact the outcome of neuropsychological research. Unfortunately, the present study was somewhat limited by the small number of studies in some quality groups. Moreover, the measures provided by meta-analysis can be somewhat limited, in that they provide a single set of numbers that summarize the statistical results of a number of independent empirical endeavors (Mullen & Rosenthal, 1985) . Thus, it was decided to attempt cross-validation of these results through a prospective study.
PROSPECTIVE STUDY
Subjects
Archival data, collected over the past 16 years, served as the basis for analysis. Subjects in this database had been referred for neuropsychological evaluation at one of nine different outpatient or inpatient settings, or were normal volunteers recruited from various university settings, in five states (Texas, California, Pennsylvania, Tennessee, or Louisiana). Four hundred eighty-seven subjects were identified as brain damaged. Eight hundred twenty-seven subjects were identified as controls. The brain-damaged group was a heterogeneous one, selected as to optimize the external validity of the study (Gemmell & Stanczak, 1996) .
Brain-damaged subjects were categorized as: (a) confirmed brain damage (individuals for whom lesion verification was accomplished by means of a relevant neurodiagnostic procedure such as an MRI, CT scan, angiography, EEG, etc.), or (b) brain damaged by history (individuals with a self-reported history of brain damage for whom lesion verification was not available). Control subjects were categorized as either: (a) self-reported normals (individuals with a negative history of neuropathology or psychopathology), (b) confirmed normals (individuals neurodiagnostically confirmed to be free from central neuropathology by neurodiagnostic tests), (c) pseudoneurologic controls (individuals with complaints of a neurologic nature for whom neurodiagnostic tests were negative), or (d) psychiatric controls (individuals with psychological complaints whose diagnostic work-ups were negative for gross neuropathology). Data regarding age and education for each of the groups is presented in Table 10 . One-way ANOVAs for age and education by group were significant (age: MSE ϭ 6389.61, df ϭ 4, 1313, F ϭ 23.57, p Ͻ .001; education: MSE ϭ 482.78, df ϭ 4, 1215, F ϭ 65.14, p Ͻ .001). Post hoc Scheffé analyses revealed that the mean age of the confirmed brain damaged group was significantly higher than that of all other groups. Post hoc analyses also revealed that self-reported normals possessed significantly higher mean education than all other groups. In addition, confirmed brain damaged subjects possessed significantly higher mean education than either pseudoneurologics or psychiatric controls.
Procedure
Scores on the following neuropsychological variables were analyzed across groups using one-way ANOVAs with post hoc Sheffé tests: WAIS-R full scale IQ, Tactual Performance Test (total time, memory, and location score), Aphasia Screening Exam- , and Aphasia Screening Examination. Therefore, these variables were logarithmically transformed to obtain a closer approximation to a normal distribution. In the case of the ETMT, visual inspection of the data revealed the presence of extreme scores. For the purposes of the present study, such outliers were handled according to the procedure outlined in Stanczak et al. (1998) . Moreover, because of missing data, unequal N values were available for analysis across the 13 neuropsychological measures. The N values for each test by each group are summarized in Table 11 . As can be noted from an inspection of this table, four cells have an unacceptably low N value. Thus, results regarding these variables for the confirmed normal group should be viewed as tentative.
Results
All 13 ANOVAs were significant at the p Ͻ .0001 level, even with Bonferoni corrections for multiple comparisons (Table 12) . Post hoc Sheffé tests revealed significant between-group differences on several measures (Figure 1) .
Because previous ANOVAs revealed significant group differences in terms of age and education, and in spite of the controversy surrounding the technique, the same analyses were repeated using univariate analyses of covariance, with age and education as covariates. The same main effects for subject group were obtained in each instance (p Ͻ .001). Thus, the effects of age and education, though statistically significant, did not appear to confound the findings. Not surprisingly, significant differences were obtained between self-reported normals and confirmed brain damaged subjects on all 13 measures. Self-reported normals also differed significantly from both pseudoneurologics and psychiatric controls on 9 of the 13 measures, whereas confirmed normals differed significantly from pseudoneurologics on only two measures and from psychiatric subjects on only one measure. Of particular interest was the finding that self-reported normals differed significantly from confirmed normals on only one measure: the WAIS-R full scale IQ. Pseudoneurologics and psychiatric controls did not differ significantly on their performances on any of the selected measures. 
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To determine if the various subject groups differed in any systematic way, a post hoc profile analysis was performed. The data were transformed into standard (z) scores, and the analysis was then performed on a modified set of five groups (the confirmed normals were excluded due to low cell counts for four measures).
The profile analysis indicated that the five remaining groups (confirmed brain damage, brain damaged by history, self-reported normals, pseudoneurologics, and psychiatric controls) demonstrated a significant difference in their levels of performance across the 13 measures (MSE ϭ 30.93, df ϭ 422.33, F ϭ 9.84, p ϭ .001). Eighty-five percent of the variance in the combined test measures was accounted for by group membership (eta 2 ϭ .85). Profiles for the five groups lacked parallelism (Figure 2 ; approximate F ϭ 2.63, df ϭ 84, p Ͻ .005), indicating that the profiles do not share a common pattern.
DISCUSSION
In the current study, both retro-and prospective data have been presented demonstrating that subject-selection procedures can affect group performance on neuropsychological tests and thus, by extension, the outcomes of neuropsychological research. In terms of the threats to internal and external validity (Campbell & Stanley, 1963) , this phenomenon seems to represent a selection by instrumentation confound that may hamper synthesis of the results of neuropsychological research, and thereby impede the formulation of laws concerning brain-behavior relationships.
It is important to note that the performances of self-reported normals differed significantly on all 13 measures from those of confirmed brain-damaged subjects. However, the performances of confirmed normals differed significantly from those of confirmed braindamaged subjects on only 6 of the 13 measures. It is possible that this difference in the performance of ostensibly normal control groups was due to the small cell sizes of confirmed normal controls on some of the measures studied. However, it is also possible that some other factor associated with confirmed normal status may account for this variance. It is obviously unusual for normal subjects to undergo neurodiagnostic examinations. Indeed, the presence of such examinations may indicate a selection bias, and the subsequent sample may not be representative of the population of neurologically normal individuals. In the case of our confirmed normal group, these subjects were referred for evaluation after complaining of rather nonspecific problems, such as headaches, temporomandibular joint pain, or other pain disorders. It is therefore possible that at least some of these individuals had subtle neuro-or psychopathology for which our current tests lack sensitivity. This possibility obviously warrants further investigation, and our findings and associated inferences regarding this particular group must therefore be regarded as tentative.
In terms of selecting normal control subjects, the present study suggests that individuals who self-report a negative history for neuropathology and psychopathology are adequate, perhaps even preferable, for inclusion. In contrast, selection of brain-damaged subjects on the basis of history or self-report alone does not appear to be adequate, in that such subjects do not seem to differ significantly from psychiatric or pseudoneurologic controls in terms of neuropsychological test performance. In terms of selecting brain-damaged subjects, it appears preferable, if not essential, to obtain lesion confirmation through relevant neurodiagnostic tests.
This study also raises questions regarding the historical composition of pseudoneurologic, psychiatric, and self-reported brain-damaged groups. In particular, one must wonder whether, in spite of significant differences in performance on some neuropsychological instruments, these group distinctions are valid or, alternatively, whether these subjects represent a single larger group demonstrating some sort of subclinical central neuropathology, falling midway on a spectrum ranging from confirmed brain damage to normal brain functioning. In either case, more detailed study of these relatively "marginal" groups may prove fruitful.
Interpretation of the current results must be tempered with an understanding of the study's weaknesses. For example, in the meta-analysis, some quality groups were represented by a single study, a phenomenon which may have produced biased within-group variance estimates or standardized between-group effect size comparisons. However, it is also important to note that the same relationships were obtained upon prospective cross-validation, even when attempts were made to correct for group differences in age and education, suggesting that the variance and effect size estimates, if biased, did not significantly affect the results of the original meta-analysis. Moreover, the primary purpose of the meta-analysis was to examine, in an empirical and quantitative manner, the current state of the literature. The fact that certain subject-selection procedures are only infrequently employed is interesting in and of itself.
Incidentally, the current meta-analytic findings and associated inferences should also be regarded as conservative, in that all studies included were from two widely recognized, peer-reviewed, specialized neuropsychological journals. One might reason that, in less prestigious or nonspecialized journals, subject-selection procedures might be less rigorously examined during the peer review process, possibly resulting in findings that are even more confounded.
In conclusion, because both experimental-and control-group composition can have a significant effect on the outcome of neuropsychological research, subject inclusion and exclusion criteria should be made explicit in all published studies. Furthermore, subjectselection procedures should be made on the basis of scientific merit rather than convenience or availability. Moreover, when subject selection is made on the basis of availability or convenience, it should be incumbent upon the investigator to demonstrate the representativeness of both the control and experimental samples.
